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HIGHLIGHTS 


►  C  and  Ti02  are  mixed  up  physically  as  the  hybrid  support  of  Pt. 

►  Methanol  oxidation  activity  and  stability  on  Pt/Ti02— C  catalyst  were  improved. 

►  Pt  and  Ti02  interaction  facilitates  CO  removal  and  hinders  CO  formation  during  methanol  oxidation. 

►  The  promotion  effect  should  be  attributed  to  the  presence  of  Ti02. 
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Ti02  and  C  are  mixed  up  physically  as  hybrid  support  of  Pt  nanoparticles  for  methanol  electrooxidation. 
The  morphology  and  electrocatalytic  properties  of  the  as-obtained  catalysts  have  been  investigated  by 
transmission  electron  microscope,  X-ray  diffraction,  X-ray  photoelectron  spectroscopy,  cyclic  voltam¬ 
metry  and  chronoamperometry.  The  catalytic  activity  and  stability  of  Pt/Ti02-C  catalyst  are  both 
improved  markedly  compared  with  that  of  Pt/C  catalyst.  The  initial  and  final  current  of  Pt/Ti02— C  catalyst 
after  3600  s  reactions  for  methanol  oxidation  is  about  1.57  and  6  times  as  high  as  that  of  the  Pt/C  catalyst, 
respectively.  The  promotion  effect  of  Ti02  on  catalytic  activity  and  stability  for  Pt/Ti02— C  catalyst  is 
investigated  further  by  physical  and  electrochemical  measurements.  It  is  found  that  the  addition  of  Ti02 
could  facilitate  CO  removal,  hinder  CO  formation  on  Pt  surface  during  methanol  oxidation,  and  inhibit  the 
agglomeration  and  corrosion  of  Pt  particles,  which  can  be  resulted  from  the  strong  interaction  between 
Ti02— C  and  Pt. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

The  electrooxidation  of  methanol  has  attracted  much  attention 
because  direct  methanol  fuel  cells  (DMFCs)  are  considered  as 
prospective  power  sources  for  portable  electronic  devices  due  to 
their  suitable  power  range  for  small  electronic  devices,  high  energy 
efficiency,  and  ambient  operating  conditions  [1—5].  At  present, 
carbon  supported  Pt-based  catalysts  are  commonly  used  as  anode 
catalysts  in  DMFCs  [6-8].  However,  the  low  catalytic  activity  and 
stability  of  these  catalysts  in  methanol  electrooxidation  are  still  one 
of  the  important  hinders  for  the  commercialization  of  DMFCs 
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because  of  the  low  intrinsic  activity  of  metal  nanoparticles,  the 
weak  interactions  between  Pt  and  carbon  support,  the  dissolution 
of  Pt  elements  and  electrochemical  corrosion  of  the  carbon  support 
[9]. 

To  overcome  these  problems,  one  approach  is  to  introduce  the 
novel  support  materials  (such  as  Sn02  [10,11],  WO3  [12,13],  Ce02 
[14-16])  with  co-catalytic  functionality  as  the  substitute  of  carbon 
to  improve  both  the  catalytic  activity  and  the  durability  of  Pt-based 
catalysts.  To  date,  the  unique  physical  and  chemical  properties  of 
Ti02  [17,18]  have  made  it  attract  increasing  attention  as  alternative 
catalyst  supports  due  to  excellent  mechanical  resistance  and 
stability  in  acidic  and  oxidative  environments.  There  have  been 
many  reports  using  Ti02  as  support  of  Pt  or  PtRu  for  methanol 
oxidation  [19,20].  The  effect  of  Ti02  on  Pt/Ti02  catalyst  has  been 
studied  by  Yoo  et  al.  [21  ].  However,  Ti02  has  some  own  defects  such 
as  the  low  electric  conductivity  and  surface  area.  It  seems  more 
reasonable  to  combine  carbon  and  Ti02  to  make  hybrid  support  for 
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Pt-based  catalysts.  For  example,  Zheng  et  al.  [22]  has  pointed  that 
the  Pt/Ti02-C  could  possess  enhanced  stability  in  aqueous  solution 
of  sulfuric  acid  in  comparison  with  Pt/C.  It  becomes  very  necessary 
to  study  the  effect  of  Ti02  on  Pt/Ti02-C  catalyst  for  methanol 
oxidation. 

In  order  to  investigate  the  real  effect  of  Ti02  on  Pt/C  catalyst  for 
methanol  oxidation,  in  the  present  study,  Ti02  and  Vulcan  XC-72 
carbon  black  were  physical  mixed  as  the  hybrid  support  to 
support  the  Pt  catalysts.  This  Pt/Ti02-C  catalyst  was  characterized 
by  X-ray  diffraction,  transmission  electron  microscope,  X-ray 
photoelectron  spectroscopy  and  electrochemical  measurements 
compared  with  the  Pt/C  catalyst  prepared  in  the  same  way.  It  was 
found  that  Pt/Ti02-C  catalyst  exhibited  both  excellent  catalytic 
activity  and  stability  for  methanol  electrooxidation.  Moreover,  the 
single  fuel  cell  results  confirmed  that  the  performance  of  Pt/Ti02— C 
was  really  improved  as  anodic  catalyst. 

2.  Experimental 

2.1  Catalyst  preparation 

Pt/Ti02-C  catalyst  (20  wt%  Pt,  20  wt%  Ti02)  was  prepared  by 
microwave-assisted  polyol  reduction  method.  Firstly,  60  mg  Vulcan 
XC-72  carbon  black  and  20  mg  Ti02  were  ultrasonically  suspended 
in  ethylene  glycol  for  2  h  and  then  aqueous  solution  of  H2PtCl6  was 
added  into  the  suspension.  After  the  mixture  was  stirred  vigorously 
for  4  h,  the  pFI  was  adjusted  to  12  by  ethylene  glycol  solution 
containing  NaOH  with  stirring.  Then,  the  mixture  was  placed  in  the 
center  of  a  microwave  oven  (2450  MHz,  750  W)  and  heated  for  50  s, 
following  by  stirring  for  another  8  h.  The  reaction  solutions  were 
filtered  with  filter  paper  and  washed  with  ethanol  and  triply 
distilled  water  until  no  Cl-  was  detected.  At  last,  the  obtained 
catalyst  was  dried  in  a  vacuum  oven  at  80  °C  overnight.  The 
preparation  method  of  Pt/C  catalysts  was  similar  to  that  mentioned 
above  except  that  Ti02  was  not  added. 

2.2.  Materials  characterizations 

The  X-ray  diffraction  (XRD)  patterns  of  the  catalysts  were 
obtained  using  a  Rigaku-D/MAX-PC2500  X-ray  diffractometer 
(Japan)  with  the  Cu  Ka  (A  =  1.5405  A)  as  a  radiation  source  oper¬ 
ating  at  40  kV  and  200  mA.  Transmission  electron  microscope 
(TEM)  analysis  was  carried  out  with  a  JEOL2010  microscope  oper¬ 
ating  at  200  kV  with  nominal  resolution.  Samples  were  firstly 
ultrasonicated  in  alcohol  for  1  h  and  then  deposited  on  3  mm  Cu 
grids.  X-ray  photoelectron  spectroscopy  (XPS)  was  recorded  on 
a  Kratos  XSAM-800  spectrometer  with  an  Al  Ka  monochromatic 
source.  The  C  1  s  peak  was  used  as  a  reference. 

Electrochemical  measurements  were  carried  out  with  a  Prince¬ 
ton  Applied  Research  Model273  Potentiostat/Galvanostat  and 
a  conventional  three  electrode  electrochemical  cell.  A  Pt  plate  was 
used  as  the  counter  electrode.  The  saturated  calomel  electrode 
(SCE)  was  used  as  the  reference  electrode  which  was  connected  to 
the  working  electrode  by  a  Luggin  capillary.  All  of  the  potentials  in 
this  study  were  reported  with  respect  to  SCE  unless  otherwise 
mentioned.  The  glassy  carbon  electrode  was  polished  with  slurry  of 
0.3  pm  and  0.05  pm  alumina  successively  and  washed  ultrasoni¬ 
cally  in  deionized  water  prior  to  use.  All  the  electrochemical 
measurements  were  carried  out  at  25  ±  1  °C.  The  catalyst  ink  was 
prepared  by  ultrasonically  dispersing  the  mixture  of  5  mg  catalysts, 
1510  pL  ethanol,  and  90  pL  5wt.%  Nation  solutions.  8  pL  catalyst  inks 
was  pipetted  and  spread  on  the  glassy  carbon  disk  with  5  mm 
diameter  (the  Pt  loading  on  the  electrode  is  25.5  pg  cm-2).  Finally, 
the  electrode  was  obtained  after  the  solvent  volatilized.  N2  was 
purged  for  20  min  before  starting  the  electrochemical  experiments 


at  flow  rate  of  ca.  100  mL  min-1,  unless  otherwise  mentioned.  The 
CO  stripping  voltammograms  were  measured  in  the  0.5  M  H2SO4 
solution.  CO  was  purged  into  the  0.5  M  H2SO4  solution  adsorption 
for  15  min  to  allow  the  complete  adsorption  of  CO  onto  the  catalyst 
when  the  working  electrode  was  kept  at  0.1  V,  and  then  excess  CO 
in  the  electrolyte  was  removed  by  purging  N2  for  30  min  at  flow 
rate  of  ca.  100  mL  min-1  unless  otherwise  mentioned. 

2.3.  Single  cell  test 

The  performance  of  a  single  DMFC  with  the  anodic  Pt/Ti02-C 
(20  wt%  Pt)  catalyst  was  measured  and  compared  with  that  with 
the  anodic  Pt/C  catalyst  (20  wt%  Pt).  Pt/C  catalyst  (20  wt.%  Pt)  was 
used  as  the  cathodic  catalyst.  The  membrane  electrode  assembly 
(MEA)  was  fabricated  according  to  the  procedure  reported  in  the 
literature  [23].  The  geometrical  area  of  the  anode  and  cathode 
electrode  was  3  cm  x  3  cm  (9  cm2).  The  catalyst  loading  in  both  the 
anode  and  cathode  was  4  mg  cm-2.  The  performance  of  the  single 
cell  was  measured  with  a  Fuel  Cell  Test  System  (Arbin  Co.).  2.0  M 
CH3OH  solution  with  a  flow  rate  of  10  mL  min-1  and  oxygen  with 
a  flow  rate  of  200  mL  min-1  at  1  atm  were  used.  The  single  cell  was 
operated  at  25  °C.  The  stability  test  was  carried  out  at  0.1  A  right 
after  the  polarization  test. 

3.  Results  and  discussion 

Fig.  1  shows  the  XRD  patterns  of  the  Pt/C  catalyst,  Pt/Ti02-C 
catalyst  and  the  Ti02-C  support.  The  characteristic  Ti02  diffrac¬ 
tion  peaks  were  clearly  observed  in  Pt/Ti02— C  catalyst.  For  all 
samples,  the  peak  at  ca.  25°  could  be  attributed  to  the  (002)  plane 
reflection  of  carbon.  For  all  Pt  in  as-prepared  catalysts,  the  char¬ 
acteristic  peaks  at  ca.  40,  46,  68  and  82°  corresponded  to  (111), 
(200),  (220)  and  (311)  plane  of  face  centered  cubic  Pt,  respectively. 
No  shift  was  observed  at  the  positions  of  the  Pt  diffraction  peaks  in 
the  Pt/Ti02-C  catalyst,  compared  with  that  in  the  Pt/C  catalyst, 
indicating  that  the  addition  of  Ti02  had  no  effect  on  the  crystalline 
lattice  of  Pt. 

The  TEM  images  of  the  Pt/Ti02-C  and  Pt/C  catalysts  are  shown 
in  Fig.  2A  and  B,  respectively.  For  both  catalysts,  it  could  be  found 
that  the  Pt  nanoparticles  were  uniformly  dispersed  on  the  support. 
The  average  particle  size  of  Pt  in  Pt/C  and  Pt/Ti02-C  catalyst  was  ca. 
2.67  and  2.96  nm,  respectively.  These  results  indicated  that  the 
addition  of  Ti02  had  no  obvious  effect  on  the  location  of  Pt 
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Fig.  2.  TEM  image  of  Pt/Ti02-C  (A)  and  Pt/C  (B)  catalysts;  HRTEM  image  of  Pt/Ti02-C 
(C)  catalyst. 


nanoparticles  on  supports.  Besides,  according  to  the  HRTEM  image 
ofPt/Ti02-C  catalyst  (Fig.  2C),  Pt  was  mostly  deposited  on  carbon. 

The  XPS  Pt  4f  spectra  of  Pt/Ti02-C  and  Pt/C  catalysts  are  shown 
in  Fig.  3.  The  binding  energies  of  all  peaks  were  referenced  to  a  C  Is 
value  of  284.6  eV.  For  the  Pt/C  catalyst,  the  spectrum  of  Pt  (4f) 
shows  a  doublet  containing  a  low  binding  energy  (4f7/2)  at  70.7  eV 
and  a  high  binding  energy  (4f5/2)  at  74.2  eV.  For  the  Pt/Ti02-C 
catalyst,  the  low  binding  energy  peak  was  located  at  70.4  eV, 
which  was  negatively  shifted  by  0.3  eV,  and  the  high  binding 
energy  peak  (at  73.8  eV)  was  also  negatively  shifted  by  0.4  eV 
compared  to  the  Pt/C  catalyst.  The  shift  of  the  Pt  4f  position  for  the 
Pt  catalysts  indicated  that  the  electronic  properties  of  Pt  were 
changed  by  incorporating  Ti02  as  the  support,  which  could  weaken 
the  bonding  energy  between  metal  and  strongly  adsorbed 
poisoning  species  [ 24-26 ]and  result  in  the  variable  catalytic 
properties  according  to  the  so-called  electronic  effect  [27-29].  The 
negative  shift  of  the  binding  energy  of  Pt  (4f)  in  Pt/Ti02— C  catalyst 
could  be  resulted  from  the  stronger  interaction  between  the  Pt  and 
Ti02-C  support,  compared  with  the  Pt/C  catalyst.  As  shown  in 
Fig.  3,  the  Pt  4f  signal  of  Pt/Ti02-C  and  Pt/C  was  deconvolved  into 
two  pairs  of  doublets,  which  were  attributed  to  metallic  Pt(0)  and 
Pt(II)  in  PtO  or  Pt(OH)2  like  species.  The  content  of  Pt  (0)  increases 
by  25%  because  the  addition  of  Ti02  demonstrating  that  Pt/Ti02-C 
catalyst  has  higher  stability  due  to  greater  corrosion  resistance  of  Pt 
(0)  [30]. 

Fig.  4  shows  the  cyclic  voltammograms  (CVs)  of  the  catalysts  in 
0.5  M  H2S04.  The  electrochemical  surface  area  (ESA)  of  the  catalyst 
could  be  calculated  [16,31-33]  by  assuming  charge  density  of 
210  pC  cm-2  of  hydrogen  adsorption  on  polycrystalline  Pt  electrode. 
The  ESA  of  the  Pt/C  and  Pt/Ti02-C  catalysts  was  62.0  and 
60.0  m2  g-1,  respectively.  The  similar  ESA  of  the  two  catalysts  could 
be  related  to  the  similar  dispersion  condition  and  nanoparticle  size 
for  both  catalysts  from  the  TEM  image.  In  addition,  both  Pt  oxida¬ 
tion  onset  potential  and  Pt— O  reduction  peak  potential  for  Pt/ 
Ti02-C  catalyst  had  a  positive  shift  compared  to  that  for  Pt/C 
catalyst,  indicating  that  the  Pt/Ti02-C  catalyst  possesses  reduced 
oxophilicity  and  a  weakened  chemical  adsorption  energy  with 
oxygen-containing  species,  such  as  COad  and  OHad  on  Pt  surface 
[34],  which  agreed  well  with  the  XPS  results. 

The  area-normalized  currents  for  methanol  electrooxidation  are 
shown  in  Fig.  5.  The  area-normalized  current  means  current  was 
normalized  with  electrochemical  active  area.  It  represents  the 
intrinsic  activity  of  the  active  sites  in  the  catalysts  [35].  It  was 
shown  that  the  Pt/Ti02-C  catalyst  exhibited  higher  activity  than 
the  Pt/C  catalyst.  The  peak  current  density  for  Pt/Ti02-C  catalyst 
was  about  1.57  times  that  of  the  Pt/C  catalyst,  which  demonstrated 
the  promotion  effect  of  the  Ti02  on  the  electrooxidation  of 
methanol. 

In  order  to  test  the  CO  poisoning  effect,  the  COad  stripping  curves 
of  the  Pt/C  and  Pt/Ti02-C  catalysts  are  presented  in  Fig.  6.  The  peak 
potential  for  COad  oxidation  at  the  Pt/Ti02-C  catalyst  was  0.55  V, 
while  that  at  Pt/C  catalyst  was  0.58  V.  The  negative  shift  of  the 
potential  for  the  Pt/Ti02-C  catalyst  indicates  that  Pt/Ti02-C  cata¬ 
lyst  was  more  active  for  the  electrooxidation  of  CO  compared  to  Pt/ 
C  catalyst.  This  could  be  attributed  to  the  beneficial  electronic  effect 
of  Ti02— C  on  Pt,  which  weakened  the  bonding  energy  between  Pt 
and  COadS.  Then,  to  compare  the  different  bonding  energy  between 
Pt  and  COads  in  the  two  catalysts,  N2  with  high  flow  rate  was  used. 
The  flow  rate  of  N2  was  doubled  to  the  common  COad  stripping 
voltammetric  experiments  after  CO  was  purged  into  the  0.5  M 
H2S04  solution  for  15  min  at  a  fixed  potential  of  0.1  V  in  the  same 
condition.  The  COacj  stripping  curves  with  the  flow  rate  of  ca. 
200  mL  min-1  were  shown  in  Fig.  7,  while  the  common  COad 
stripping  curves  with  the  common  flow  rate  was  ca.  100  mL  min-1 
as  shown  in  Fig.  6.  The  N2  flow  time  in  Fig.  7(A)  and  (B)  was  30  min 
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Binding  energy  /  eV 


Fig.  4.  CVs  at  Pt/Ti02-C  (solid  line)  and  Pt/C  (dash  line)  catalysts  in  0.5M  H2S04 
solution  with  a  scan  rate  of  50  mV  s-1. 


E  /  V  vs  SCE 

Fig.  5.  CVs  at  Pt/C  (solid  line)  and  Pt/Ti02-C  (dash  line)  catalysts  in  0.5  M  H2S04  + 
1.0  M  CH3OH  solution  with  a  scan  rate  of  50  mV  s-1. 

and  60  min  for  Pt/C  and  Pt/Ti02-C  catalysts,  respectively.  For  the 
Pt/C  catalyst,  the  peak  current  of  CO  oxidation  in  Fig.  7  was  ca. 
0.59  mA  and  0.53  mA  at  the  N2  flow  time  of  30  min  and  60  min, 
respectively.  For  Pt/Ti02-C  catalyst,  the  peak  current  of  CO  oxida¬ 
tion  in  Fig.  7  was  ca.  0.46  mA  and  0.23  mA  at  the  N2  flow  time  of 
30  min  and  60  min,  respectively.  The  decrease  of  the  peak  current 
of  CO  oxidation  indicated  that  the  purging  N2  at  high  flow  rate 
could  destroy  the  combination  between  Pt  and  CO.  The  larger 
change  of  the  peak  current  of  CO  oxidation  at  Pt/Ti02-C  catalyst 
than  at  Pt/C  catalyst  means  that  the  adsorbed  CO  at  Pt/Ti02-C 
catalyst  was  easier  to  be  affected  than  Pt/C  catalyst,  which  was 
consistent  with  the  result  of  XPS.  This  weak  bonding  energy  facil¬ 
itated  the  CO  removal  on  Pt  surface  for  Pt/Ti02-C  catalyst. 

To  further  demonstrate  the  CO  formation  during  methanol 
oxidation  on  the  catalysts,  chronoamperometric  (CA)  measure¬ 
ments  at  0.3  V  in  methanol  solutions  were  carried  out  to  collect 
COads  on  Pt  surface  during  methanol  oxidation  reactions.  Then,  CVs 
were  conducted  on  these  CO  adsorbed  Pt  electrode  to  determine 


E  /  V  VS  SCE 


Fig.  6.  The  COad  stripping  voltammogram  for  Pt/C  (solid  line)  and  Pt/Ti02-C  (dash 
line)  catalysts  in  0.5M  H2S04  solution  with  a  scan  rate  of  50  mV  s-1.  The  flow  rate  of  N2 
was  ca.  100  mL  min-1. 
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E  /  V  vs  SCE 


Fig.  7.  The  “COad  stripping  voltammogram”  for  Pt/C  (A)  and  Pt/Ti02-C  (B)  catalysts  in 
0.5M  H2S04  solution  with  a  scan  rate  of  50  mV  s_1.  CO  adsorption  at  the  catalysts  was 
done  at  a  fixed  potential  of  0.1  V  in  0.5  M  H2S04  solution  with  CO  flow  for  15  min,  and 
then  N2  was  flowed  for  30  min  (solid  line)  and  60  min  (dash  line)  at  a  rate  of  ca. 
200  mL  min-1  which  was  twice  as  common  flow  rate. 


the  adsorbed  CO  quantity.  CVs  after  different  time  of  CA  measure¬ 
ments  for  200  s,  400  s  or  600  s  in  1.0  M  CH3OH  and  0.5  M  H2SO4 
solution  were  shown  in  Fig.  8.  According  to  the  previous  study 
[36,37],  it  was  known  that  the  peak  between  ca.  0.35  V  and  0.65  V 
was  COad  oxidation  peak  from  methanol  oxidation.  In  our  experi¬ 
ment,  the  onset  potential  of  CO  oxidation  was  about  0.35  V.  Thus, 
the  potential  was  fixed  at  0.3  V  to  avoid  the  oxidation  of  CO  formed 
on  Pt  surface.  To  determine  the  COad  surface  concentration,  the 
current  was  normalized  by  the  electrochemical  surface  area  of  the 
active  sites.  It  was  obvious  that  the  peak  area  of  CO  oxidation  was 
increased  with  the  time  of  constant-potential  measurement  pro¬ 
longed  from  200  s  to  400  s,  However,  when  the  time  was  prolonged 
further,  the  peak  area  of  CO  oxidation  remained  almost  the  same.  It 
showed  the  adsorbed  CO  on  the  electrode  was  already  saturated. 
The  peak  area  of  CO  oxidation  for  the  Pt/Ti02-C  catalyst  was  ca. 
three  quarters  of  that  for  the  Pt/C  catalyst.  It  suggested  that  the  CO 
formation  on  Pt/Ti02— C  catalyst  during  methanol  oxidation  was 
also  smaller  than  that  on  Pt/C  catalyst. 

In  order  to  investigate  the  stability  of  the  catalysts,  Fig.  9  pres¬ 
ents  the  CA  curves  of  Pt/C  and  Pt/Ti02-C  catalysts  at  the  fixed 
potential  of  0.45  V  for  3600  s  in  a  0.5  M  H2S04  solution  containing 


Fig.  8.  The  first  two  cycles  of  CVs  for  Pt/C  (A)  and  Pt/Ti02-C  (B)  catalysts  in  0.5  M 
H2S04  after  the  potential  fixed  at  0.3  V  for  200  s  (black),  400  s  (red)  and  600  s  (blue), 
respectively,  in  1.0  M  CH3OH  +  0.5  M  H2S04  solution.  (For  interpretation  of  the 
references  to  color  in  this  figure  legend,  the  reader  is  referred  to  the  web  version  of  this 
article.) 


1.0  M  CH3OH.  The  final  current  density  of  the  Pt/TiC^-C  catalyst 
was  0.178  mA  cm-2,  which  was  about  6  times  as  high  as  that  of  Pt/C 
catalyst  (0.030  mA  cm-2).  It  means  that  the  Pt/TiC^-C  catalyst 
could  possess  36.6%  of  the  initial  current  value  after  3600  s  reac¬ 
tion,  while  the  Pt/C  catalyst  had  only  7.0%  of  its  own  initial  value. 
These  results  concluded  that  the  Pt/Ti02-C  catalyst  could  be  an 
excellent  catalyst  for  methanol  oxidation  due  to  both  superior 
catalytic  activity  and  stability. 

The  decreased  ESA  of  the  catalysts  due  to  the  corrosion  of  the 
metal  and  support  was  an  important  factor  to  affect  the  stability  of 
catalysts  in  DMFCs  [20,38].  Thus,  to  determine  the  changes  of  the 
ESA  for  Pt/C  and  Pt/Ti02-C  catalysts,  CVs  were  conducted  after 
different  reaction  times  such  as  0  h,  1  h,  3  h  and  5  h  during  CA 
measurements,  as  shown  in  Fig.  10.  It  was  obvious  that  the  ESA 
change  of  Pt/C  catalyst  was  much  larger  than  that  of  Pt/TiC^-C 
catalyst.  The  ESA  of  Pt/C  catalyst  decreased  by  ca.  13%,  28%  and 
30%,  respectively,  after  the  CA  measurements  of  1  h,  3  h  and  5  h, 
while  the  ESA  of  Pt/TiC^-C  catalyst  decreased  only  by  ca.  3%,  4%  and 
8%,  respectively,  after  1  h,  3  h  and  5  h  CA  measurements.  The  less 
change  of  the  ESA  for  Pt/TiC^-C  catalyst  could  be  one  of  the  reasons 
for  the  superior  stability  of  the  catalyst.  It  could  be  resulted  from 
the  strong  interaction  between  Pt  and  the  TiC^-C  support,  which 
could  suppress  the  agglomeration  of  Pt  particles  and  the  corrosion 
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Fig.  9.  Chronoamperometric  curves  at  Pt/C  (solid  line)  and  Pt/Ti02-C  (dash  line) 
catalysts  in  0.5  M  H2S04  +  1.0  M  CH3OH  solution  with  a  scan  rate  of  50  mV  s_1. 


of  Pt  and  the  hybrid  support.  The  hindered  Pt  corrosion  for  Pt/ 
Ti02-C  catalyst  was  also  consistent  well  with  the  XPS  result. 
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Fig.  10.  CVs  at  Pt/C  (A)  and  Pt/Ti02-C  (B)  catalysts  after  the  chronoamperometric 
measurements  of  0  h  (a),  1  h  (b),  3  h  (c)  and  5  h  (d)  at  fixed  potential  of  0.45  V  in  0.5  M 
H2S04  +  1.0  M  CH3OH  solution  with  a  scan  rate  of  50  mV  s_1. 


Fig.  11.  (A)  Polarization  and  power  density  curves  of  DMFCs  with  Pt/C  and  Pt/Ti02-C 
anodic  catalysts;  (B)  stability  test  at  0.1A  of  DMFCs  with  Pt/C  and  Pt/Ti02-C  anodic 
catalysts. 


Fig.  11(A)  compares  the  polarization  and  power  density  curves  of 
the  single  DMFC  with  different  anodic  catalysts.  The  Pt/TiC^-C 
performed  much  better  than  Pt/C  as  the  anodic  catalyst.  The 
single  cell  with  Pt/Ti02— C  has  approximately  46%  higher  maximum 
power  density  (4.1  mW  cm-2)  than  that  of  Pt/C  (2.8  mW  cm-2).  This 
result  is  consistent  with  that  of  CVs.  The  stability  test  of  the  single 
DMFC  is  shown  in  Fig.  11(B).  The  voltage  of  DMFC  with  Pt/C  has 
a  slight  decrease,  while  the  voltage  of  DMFC  with  Pt/TiC^-C  has 
a  slight  increase  during  the  300  min  test.  This  result  is  also 
consistent  with  that  of  CA. 

4.  Conclusion 

The  physical  mixture  of  C  and  Ti02  was  successfully  used  as 
a  support  for  Pt  catalyst  on  methanol  electrooxidation.  Ti02  addi¬ 
tion  has  little  effect  on  the  particle  size  and  distribution  of  obtained 
Pt  nanoparticles  on  support.  The  catalytic  activity  and  the  stability 
on  Pt/Ti02— C  catalyst  for  methanol  oxidation  were  both  improved 
greatly  compared  with  that  on  Pt/C  catalyst.  Electrochemical  results 
showed  that  the  CO  removal  on  Pt  surface  could  be  facilitated  on  Pt/ 
Ti02-C  catalyst  due  to  the  lower  bonding  energy  between  Pt  and 
COads  on  Pt/Ti02-C  catalyst  than  that  on  Pt/C  catalyst.  Furthermore, 
the  CO  formation  during  methanol  oxidation  was  also  found  to  be 
decreased  greatly  on  Pt/Ti02— C  catalyst  in  comparison  with  Pt/C 
catalyst.  The  stability  test  showed  that  the  agglomeration  of  Pt 
particles  as  well  as  the  corrosion  of  Pt  and  the  support  during 
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methanol  oxidation  could  be  suppressed  greatly  by  the  addition  of 
Ti02.  These  results  confirmed  that  this  simply  prepared  Pt/Ti02-C 
material  could  be  a  promising  catalyst  for  the  anode  in  direct 
methanol  fuel  cell. 
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